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DETAILED ACTION 

Claim Objections 

Claims 1 , 3-6, 8-13 and 20-23 are objected to because of the following 
informalities and/or defect: 

Claims 1 , 4 and 9 each recite the subject matter that the channel material/layer 
has a constant (or substantially constant) concentration, but fail to clarify what type of 
dopant(s) the recited concentration refers to. 

In claim 1 , the term of "gate contact" should read as: -gate-, as gate contact 
normally refers to an electrode that contacts a gate in the art. 

Claim 1 recites the subject matters of "said vertical invertible channel material 
having a constant concentration along its full length"; but, it fails to clearly define what is 
the full length of the channel material, given that least the edge portions of the channel 
material layer have non-uniform doping concentrations, due to dopant diffusion effect 
that naturally exists during the epitaxial growth of the channel material layer in the 
instant invention. 

Claims 4 and 8 recite the subject matters of "reduced on resistance", but fail to 
clarify what type of device(s) is compared with so as to have the recited reduced on 
resistance. 

Claims 20-22 recites the subject matter of a highly doped region within the 
channel material/layer, which appears to contradict to what is recited in claims 1 , 4 and 



Application/Control Number: 09/292, 1 86 Page 3 

Art Unit: 2811 

9, in wliich the channel material/layer is already defined as having a constant 
concentration. 

Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner In which the invention was made. 

Claims 1 , 3-6, 8-13 and 20-22, as being best understood in view of the claim 
objections above, are rejected under 35 U.S.C, 103(a) as being unpatentable over 
Floyd716 (Floyd et a!., US 6.090,716) in view of Love (US 4,516,143) and/or Bulucea 
(Bulucea et a!., US 5,701 ,023), 

Floyd71 6 discloses a trench-type power MOSFET device (particularly see Fig. 

10, and col. 2, lines 22-67), comprising: a vertical invertible channel composed of a first 
conductivity type (52; p type) between a heavily doped source region of a second 
conductivity type (50; n type) and a heavily doped drain region (or drain layer) of the 
second conductivity type (54; n type); a gate oxide (56); polysilicon trench gates of the 
second conductivity type (58A; n type), a source contact (66) in contact with the source 
region, wherein the layer of the channel material (i.e., a channel layer, a body 
layer/region, or, a channel-forming layer) is an epitaxial layer and has a substantially 
constant concentration along its full length (see Fig. 11). 
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In, the embodiment of Fig. 10 in Floyd716, the l\/IOSFET device is an n-channel 
MOSFET (which normally has a source-channel-drain doping polarity of an n-p-n 
polarity type, i.e., with the first conductivity type being a p type and the second 
conductivity type being an n type). Although Floyd does not expressly disclose that the 
MOSFET device can also be a p-channel MOSFET (which normally has a p-n-p doping 
polarity), the examiner notes that it is well known in the art that: a MOSFET can be 
either an n-channel MOSFET or a p-channel MOSFET; a MOSFET design/structure 
which works under one polarity type is normally also workable under the reversed 
polarity; and, the p-n-p doping polarity type MOSFET (i.e., the p-channel type MOSFET) 
is desirable in various applications in the art. 

Support for the above examiner's note can be readily found in the prior art, such 
as the following prior art references provided by the examiner: Floyd'043 (Floyd et al., 
US 6,069,043; see Figs. 3 and 1 1 , and col. 7, lines 11-17) and DanA/ish766 (Danwish et 
al., US 5,674,766; see col. 1 1 , lines 20-22). And, the desirability for the p-n-p doping 
polarity type MOSFET (p-channel MOSFET) can be further supported by applicant's 
admitted prior art in the instant disclosure (see the p-n-p doping polarity type MOSFET 
in Fig. 1). 

Therefore, it would have been well within the ordinary skilled in the art at the time 
the invention was made to make the MOSFET device of Floyd'716 with the doping 
polarity being reversed, so that a MOSFET with desired p-channel type and/or improved 
circuit design flexibility (associated with the desired channel type) would be achieved. 



Application/Control Number: 09/292,1 86 Page 5 

Art Unit: 281 1 

Furthermore, although Floyd716 does not expressly disclose that the MOSFET 
can further include a drain contact made of metal, the examiner further notes that it is 
well known in the art that either of metal and polysilicon can be used to form a drain 
contact (Support for such further note can be found in Buchanan (US 4,333,224, see 
the abstract, which is provided here for the convenience of the applicant). And, one of 
the ordinary skill in the art would readily recognize that the drain contact can be 
commonly formed of a metal for reducing the contact resistance (given the well-known 
fact that metal normally can have lower contact resistance compared with polysilicon) 
and/or for improving flexibility on material choices for the drain contact, as evidenced in 
Love (see the metal drain contact 105 in Figs. 8, 9 and 11) and/or in Bulucea (see the 
drain contact 50 in Figs. 7 and 24) 

Therefore, it would also have been well within the ordinary skilled in the art at the 
time the invention was made to further incorporate a metal drain contact such as the 
one of Love and/or the one of Bulucea into the above doping-polarity-reversed 
MOSFET device, so that a p-channel MOSFET with reduced contact resistance and/or 
with improved material choices/flexibility for the drain contact would be obtained, as 
such drain contact metal material is an art-known material that is well suited for the 
intended use. The selection of a known material based on its suitability for its intended 
use supported a prima facie obviousness determination in Sinclair & Carroll Co. v. 
Interchemical Corp., 325 U.S. 327, 65 USPQ 297 (1945). 

Regarding claim 3, it is noted that silicon is the most widely used semiconductor 
material. 
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Regarding claims 4-6, 8-13, 21 and 22, the MOSFET device of Floyd with 
reversed polarity would inherently have a reduced on-resistance (when compared to the 
conventional p-channel MOSFET such as the one shown in Fig. 1 of the instant 
disclosure; the same type of comparison made in the instant disclosure, see the tables 
on pages 3 and 4 in the specification) and can be bidirectional, as it would be basically 
identical to the structure of the instant invention and would not have any lightly doped 
drift layer between the channel-forming layer and the heavily doped drain layer. 

Regarding claims 8, 11-13, although the above collectively taught device does 
not expressly disclose that the channel layer can have a resistivity of about 0.17 Ohm- 
cm and a thickness of about 2.5 um, and that the substrate has a resistivity less than 
0.0005 Ohm-cm, it noted that these values are respectively well within the commonly 
recognized ranges for the relevant parameters, and that it is old and well known in the 
art the threshold voltage and the on resistance of MOSFET are directly correlated to the 
doping concentrations of the channel layer and the substrate layer and the thickness of 
the channel layer; and they are all well recognized parameters of importance subject to 
routine experimentation and optimization. 

Therefore, it would have been obvious to one of ordinary skilled in the art at the 
time the invention was made to make the above collectively taught MOSFET device 
(with the doping polarity being p-n-p type), with the channel layer having a resistivity of 
about 0.17 Ohm-cm and a thickness of about 2.5 um and with the substrate having a 
resistivity less than 0.0005 Ohm-cm, through routine experimentation and optimization 
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within the commonly recognized ranges for those parameters, so that a p-channel 
MOSFET with the desired threshold voltage and on-resistance would be achieved. 

Regarding claims 6 and 10, it is further noted that it is well known in the art that it 
is desirable to have a source electrode in direct contact with the source region and also 
with the top region of the channel-forming layer (or, base layer/region) via notches 
extending through the source region, for improving the device stability by preventing the 
potential parasitic bipolar transistor therein from turning on, as further evidenced in Love 
(see the notches 1 04 and/or 1 06 in Figs. 1 0 and 11). Therefore, it would also have been 
obvious to one of ordinary skilled in the art at the time the invention was made to further 
incorporate the notch structure of Love into the above collectively taught device, so that 
a MOSFET device with improved stability would be obtained. 

Regarding claims 20-21 , it is further noted that it is well known in the art that it is 
desirable to form heavily doped region(s) in the channel-forming layer (or the base 
region) for improving the device stability by preventing the potential parasitic bipolar 
transistor therein from turning on and/or by improving the ruggedness under drain 
advance conditions, as further evidenced in Bulucea (see the heavily doped regions 250 
and/or 310 in Figs. 7, 19, 24 and 24). Therefore, it would also have been obvious to one 
of ordinary skilled in the art at the time the invention was made to further incorporate the 
heavily doped base regions of Bulucea into the above collectively taught device, so that 
a MOSFET device with improved stability would be obtained. 
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Response to Arguments 

Applicant's arguments with respect to the above rejected claims have been 
considered but are moot in view of the new ground (s) of rejection. 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Reference C is cited as being related to a drain-contact material. 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Shouxiang Hu whose telephone number is 571 -272- 
1654. The examiner can normally be reached on Monday through Friday, 8:30 AM to 
5:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Richard T. Elms can be reached on 571 -272-1869. The fax phone number 
for the organization where this application or proceeding is assigned is 571 -273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
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USPTO Customer Service Representative or access to the automated information 
system, call 800-786-91 99 (IN USA OR CANADA) or 571 -272-1 000. 



SH 

January 17, 2007 




SHOUXIANGHU 
PRIMARY EXAMINER 



